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::  I  STORY  0?  GEITERIC  ATTD  3?:::CI7IC  irAI'-CSS 
OP  TH?:  MALARIAL  PARASITES  OF  1:1^. 

There  are  few  diseases  which  can  be 
traced  so  sr.rely  as  Ealaria  from  medical  writ- 
ings and  from  ancient  times  to  the  present. 

In  the  fifth  century  E.  C.  Hippocrates 
gave  a  clear  description  of  theae  fevers.   Cel- 
cius  in  the  first  century  A.  D.  distinguished 
tjie  pernicious  forii!  of  malaria,  x^any  theories 
were  formulated  trying  to  explain  the  etiology 
of  malarial  fevers.   The  close  relation  between 
swamps  and  malaria  yield  to  the  miasmatic  theory: 
organic  and  inorganic  substances  found  in  the  air 
of  the  m.arshy  districts,   Lancisi  was  the  first 
observer  who  definitely  declared  his  belief  that 
invisible  organisms  were  the  cause  of  the  m.alariae, 

Mitchell  in  1849  suggested  that  certain 
spores  occuring  in  m.arshy  districts  might  be  the 
etiological  factor. 

In  1679  iliebs  ana  Jorr.masi  Oruaej.xi  an- 
nounced tneir  discovery  of  tixe  Bacillus  Llalarie, 


a  bacillus  found  in  the  water  and  soil  of  malar- 
ious regions.   The  discovery  of  the  infections 
ajent  of  Kalarial  fever  is  dve  to  tlie  French  phy- 
sician Laveran  in  1880.   In  a  report  to  the  Societe 
des  Hopitaux  he  described  certain  parasites  occur- 
ing  in  the  blood  of  malarial  patients  w/iich  he  con- 
sidered to  be  the  cause  of  the  disease.   In  a  pos- 
terior monography  1881,  he  su;-5ested  the  name 
"oscillaria  malariae"  for  this  newly  discovered 
parasite.   Later  on  t;ie  same  author  describes  pig- 
mented spherical  bodies  of  different  sizes  wnich 
possesses  amoeboid  movements  and  accented  the  term. 
Hematozoon  used  by  Osier. 

The  discovery  of  the  new  parasite  arose 
the  interests  of  several  investigators  and  very 
soon  its  principal  characters  were  known.   Ilany 
names  nave  been  suggested  for  the  malaria  parasite. 
The  following  are  the  more  important  steps  in  the 
classification. 

luachiafana  and  Cell!  1885  laid  particular 
stress  upon  the  sr'aller  forms  of  the  parasite  and 
proposed  for  these  small  bodies  the  term  "Plasmodia' 

(Jolgi  1885-1886  discovered  the  varieties 
of  the  parasite  belonging  respectively  to  quartan 
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end  tertian  .fever.   Ot:;ler  1887  sujjested  the 
name  Hematomonas  specie  Herat omona  malar iae 
and  descrilDes  the  parasite:  globular  and  spher- 
ical bodies,  without  differentiation  of  proto- 
plasm containing  pigment:   different  numbers  of 
flagella.   r.etchinicoff  1887  -  places  the  para- 
site in  the  class  sporozoa  and  believes  that  the 
organism  should  be  considered  amon^'-  the  coccidia 
and  proposes  the  name  "Hematophyllum  malar iae", 
Danilewsky  1690  -  ranks  the  parasite  among 
sporozoa  and  proposes  a  new  group  "Haemosporidia" 
Grass!  and  Feletti  1890  -  placed  the  malarial 
parasite  among  the  Rhizopoda  and  proposed  five 
distinct  varieties. 

Haemaoeba  praecox  -  (quotidian  fever 
"      immaculata  -  without  pigment 
"      vivax  -  certain  fever 
"      malar  iae  -  q.uartan  fever 
LavSrania  malariae  -  irregular  fevers 

Antolisei  and  Angelini  1690  referred  to 
aestivo  antumnal  parasite  as  "Henatozoon  ^alci- 
forme''.   Danilewsky  1691  -  proposed  to  change  the 
name  Haemamoeba  by  that  of  oytamoeba. 

llarchiafava  and  Bignami  1891  believed 
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that  they  couia  ^ieparate  two  dibtinct  varieties 
of  tne  aestivo-auttinmal  parasite,  Liuotidian  and 
malignant  tertian.   V^elch  lb97  -  proposed  the 
name  Haematozoon  falcipartun  for  aeatino  anturinal 
parasite.   "The  name  Haematozoon  falciforme  is 
objectionable,  as  it  implies  that  the  shape  is 
always  falciform.   The  adjective  "falciparxiin"  on 
the  other  hand,  indicates  that  the  property  of 
forming  crescents  is  a  distinctive  character  of 
the  organism  ..." 

Celli  and  Sanfelice  distinguished  three 
genera  amon^  the  Haemosporidia,  Hemogregarina 
(reptiles),  Haeraoproteus  (birds),  and  Plasimodium 
(man).  Kannaberg  separated  three  varieties  of 
aestino  autumnal  parasites,  malignant  tertian, 
pigmented  quotidian  and  unpigmented  quotidian. 

Lieyer  and  Riedes  1907  -  deserved  Plas- 
modium immaculation  3.  Laverania  malar iae. 

Craig  1909  -  divided  the  p.  falciparum 
in  two  sub-species,  -  malignant  tertian  and  pig- 
mented quotidian. 

Smin  1914  -  reported  plasmodiiim  vivax 
variety  minuta  in  the  Red  Sea  Islands. 

Stephens  1914  -  observed  a  new  species. 
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Plasmodium  tenue. 

Proilao  de  Llello  1917  -  deecribee  P. 
tenue  In  Hove  3oe. 

Row   1917  -  cultivated  i^uotidian  parasite 
(L.  Praccox) . 

Craig  1921  -  reported  nev?  cases  of  P. 
falciparum  tiuotidianum. 

liinton  1922  -  reported  various  cases  of 
p.  tenue  in  India. 
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GEUERA  OF  MALARIAL  PARASITE 

Soirio  authors  claim  that  the  difference 
"between  the  parasite  of  malignant  tertian  and 
the  other  two  malarial  parasites  are  character- 
istic enough  to  justify  the  division  into   two 
genera.   The  more  important  facts  adduced  are: 

In  the  tertian  and  quartan  parasites  all  . 
the  stages  of  the  asexual  cycle  occurs  in  the  per- 
iphesal  blood,  whilst  in  falciparum  the  segmenting 
stages  take  place  in  the  internal  circulation.  The 
shape  of  gametocytes  crescentic  in  falciparum  spher- 
ical in  the  other  two  parasites.   The  possession 
"by  gametocytes  of  trie  malignant  tertian  parasite  of 
a  definite  limiting  niemhrane  or  capsule  which  deter- 
mines their  form.   Type  of  fever  regular  in  tertian 
and  quartan  irregular  in  falciparum.   The  great 
majority  of  authors  do  not  consider  that  such  dif- 
ferences justify  the  separation  of  two  genera  and 
today  the  classification  of  malarial  parasite  is: 

Class  Sporozoa 

Sub  class  Pelasporidia 

Order  Haemosporidia 

Family  Plasmodidal 

Oenns  Plasmodium 

Species  P.  vivax,  p.  malariae, 
p.  falciporum 


IS  THEHE  OlILY  OIIE  OR  SEVERAL  SPECIES  OF 
FALAPTA  PAI^A3ITES? 


Since  tne  beginning  we  must  reoognize 
two  main  schools  with  essentially  different  views 
concerning  the  nature  of  the  malarial  parasites. 
The  first  party  is  represented  by  x.averan  and  his 
followers,  v/ho  believed  that  the  malarial  parasite 
was  a  single  polymorphous  organism,  that  there  is 
not  constant  relation  between  the  different  forms 
in  which  it  appears  and  the  various  types  of  fevers. 
The  second  party  at  the  head  of  which  Golgi  claims 
that  corresponding  to  and  associated  with  the  main 
types  of  malarial  fevers  we  may  distinguish  different 
types  of  the  malarial  parasite  or  possible  different 
parasites. 

The  following  are  the  principal  arguments 
on  which  is  based  the  theory  of  unicity  of  malarial 
parasites.   Laveran  1693  states:   "I  arrived  at  the 
conclusion  that  the  different  forms  in  which  the 
hematozoa  of  paludism  present  themselves  belong  to 
one  and  the  sane  polionorphic  parasite."   "The 
theory  of  the  plurality  of  the  hematozoa  oi  poludism 
raises  nunerous  objections.   The  unity  of  paludism 
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from  a  olinical  and  anatormico-patholo-ical 
point  of  view  ,  is  indisputable.   Certain  forms 
under  certain  conditions  are  often  met  with  e.j. 
the  tertian  "and  the  i^uartan  types  are  ir;uch  more 
common  in  our  climate  than  in  hot  countries,  "but 
it  can  not  te  said  that  here  is  a  home  of  tertians, 
there  a  home  of  quartans  and  irregular  fevers,  it 
is  in  the  same  endemic  centers  that  fevers  of  dif- 
ferent types  are  contracted  and  these  types  vary 
in  a  regular  manner  with  the  season  and  the  climate. 
It  Is  a  well  known  fact  that  the  fever  often  chan- 
ges in  its  type  in  the  same  patient,  the  type  of  fever 
may  even  modify  itself  when  patients  have  left  the 
palustral  countries  under  conditions  which  exclude 
tne  idea  of  a  new  infection." 

Thlroux  supports  Laveran's  view  as  to  t:ie 
unity  of  the  malarial  parasite.   He  examined  native 
children  in  Senegal  and  found  that  in  the  hot 
weather  tropical  forms  amounted  to  96.5  per  cent  of 
the  w^iole  number  examined,  and  large  forms  (Benign 
tertian  and  quartan)  to  1.5  per  cent,  where  as   in 
llovemter  and  December  the  respective  figures  of  the 
positive  cases  were  73.5  and  26,4   per  cent,  and  in 
Liar  oh  and  April  they  were  64.1  and  35.8  per   cent 
positive  cases. 


He  considered  it  difficult  to  admit  a  suminer 
and  winter  Kalaria  due  to  absolutely  aifferent 
species. 

Aroand-Delllle  is  impressed  with  the 
fact  that  arjon^  the  ?rench  troops  in  Macedonia 
the  predominant  malarial  infection  betv/een  the 
beginnin^j  of  July  and  the  end  of  L!arch  follow- 
ing was  p.  falciparum  and  the  predominant  in- 
fection from  April  to  July  was  p.  vivax.   In 
October  95  per  cent  of  all  caaes  of  malaria 
were  p.  TalciparuFi  and  in  July  he  could  find 
only  p,  vivax  after  the  m^onth  of  December  p. 
vivax  v;as  completely  substituted  by  p.  falci- 
parum.  He  thinks  this  alteration  of  parasites 
is  to  be  explained  in  terms  of  the  infecting 
anophelines.   In  other  v.'ords,  p.  vivax  is  alone 
present  at  the  beginning  of  epidemics,  whereas 
p.  falciparum  appears  in  the  blood  at  a  time 
when  reinoculations  occur,  and  starting  from 
the  moment  when  the  sporozoites  are  introduced 
in  an  almost  continuous  manner  into  the  blood, 
trie  schizonts  are  very  small  and  garnetocytes 
assume  the  form  of  cresce::ts,  well  known  for 
their  resistant  powers.   Further,  tlie  supposi- 
tion is  advanced  that  these  forms  of  resistance 
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and  this   aspect  are  the  result  of  a  modification 
of  tiie  blood  seruDi,  the  repeated  inoculations  of 
sporozoites  favoring  the  production  of  antibodies 
which  determine  tlie  production  of  resistant  forms 
of  t:ie  parasite  when  anophelines  disappear  during 
the  winter  months  or  the  patient,  being  in  a 
healthy  country,  is  no  longer  exposed  to  their 
bites,  antibodies  cease  to  be  produced  or  are 
gradually  eliminated,  and  the  formation  of  cres- 
cents terminates. 

Plehn  explains  the  change  of  type   in 
malaria  infection  by  tne  following  hypothesis: 
"The  mosq.uitoes  get  infected  with  large  parasites 
(benign  tertian)  in  spring  from  relapse  cases  or 
early  primary  cases  in  wnich  tne  infection  has 
persisted  from  tne  previous  year.   As  soon  as  it 
is  warm  enough  they  transmit  the  infection  to  man, 
who  shov/s  the  corresponding  type  of  parasite. 
Later,  under  the  action  of  summer  heat,  the  para- 
sites in  the  mosquito  assume  other  characteristics 
so  that  they  ac^iuire  in  the  first  place,  the  prop- 
erty of  destroying  the  red  cells  before  there  is  tim.e 
for  the  large  forms  to  develop  in  the  latter,  and, 
secondly,  that  of  producinj  crescents.   With  those 
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characteristics,  tlie  parasites  are  transferred 
to  rr.an  in  the  height  of  suininer ,  and  the  mosviUitoes 
newly  infected  "by  him  cause  the  sumrner  epidemic 
v/ith  the  small  parasites.   In  the  later  relapses, 
in  many  cases,  tlie  large  parasites  with  rosettes 
and  spherical  gametacytos  reappear  provided  the 
infection  has  not  heen  stamped  out.   These  later 
relapses,  with  large  parasites,  furnish  the  mater- 
ial for  tiie  next  year,  thus  restarting  the  cycle." 
The  author  sugjested  that  the  crescent  "bodies  are 
not  seen  in  northern  Europe  hecause  the  temperature 
is  too  low  to  allow  them  to  develop  in  the  mosqui- 
toes. 

grass  H,  supports  the  unity  of  the  mal- 
arial parasite  "based  on  the  fact  that  repatried 
soldiers  from  Macedonia  have  shown  first  p.  falci- 
parum ar,d  later  on  p.  vlvax  and  think  that  mixed 
infections  are  the  evolution  in  the  change  of  type 
also  affirms  tliat  has  been  able  to  see  the  different 
steps  in  the  change  of  type  of  the  parasite,  but  un- 
fortunately the  author  does  not  say  wiiich  ones  these 
ciianges  are.   Grassi  concludes  that  m.altria  parasites 
are  pleomorphic  and  poligametic  in  the  same  v/ay  as 
other  organisms.   Phenomena  are  encountered,  especi- 
ally in  Oenothera  lamarkiana  and  in  protozoa,  which 
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Ini^:ht  be  compared  witli  those  met  with  In  the 
malarial  parasites  of  man.   The  poliniorphlsm  of 
the  malarial  parasite  must  be  attributed  to  a 
phenomenon  of  hybridism.   However,  it  is  possible 
that  a  deeper  study  undertaken  from  a  new  point 
of  view  may  lead  to  discover  a  succession  of  ter- 
tian and  crescent  forms  in  accordance  v/ith  HCendel's 
law.   Pure  forms  in  passing  through  the  body  of  the 
anopheles  reproduce  pure  forms  and  mixed  forms 
reproduce  mixed  forms  whether  the  gametes  be  of 
the  tertian  or  subtertian  type.   It  has  been  demon- 
strated by  Hegner  (1918)  on  Arcella  dentata  that 
the  descendents  of  a  single  member  can  become  sep- 
arated into  a  nximber  of  strains  which  differ  from 
each  other  as  regards  their  hereditary  character- 
istics.  The  author  concludes  that  Laveran's  theory 
is  being  revived  today  under  nev/  and  very  propitious 
signs. 

Feichman  treated  24  cases  of  tropical 
malaria  for  four  to  five  months  in  a  German  military 
hospital  in  Turkey  and  foi;nd  his  cases  harbored  p. 
vivax  at  the  end  of  the  treatment.   He  states  that 
recent  infection  was  out  of  the  question  and  rejects 
all  o''  the  usual  explanations  -  inefficient  prophy- 
laxis, liuinine  fast  parasites,  low  resistar.ee  of  the 

patients  and  insufficient  treatment. 
-  IE  - 
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On  the  otlier  aide  the  partisans  of  the 
plurality  of  malarial  parasites  claim  that   the 
supporters  of  unity  have  interpreted  erroneously 
some  of  tjie  facts  end  that  those  facts  can  Le 
better  explained  on  the  basis  of  plurality. 

In  1689,  Gualdi  and  Antolisei  injected 
two  patients  with  blood  froE;  a  patient  suffering 
with  a  ^luartan  fever  and  possessing  quartan  para- 
sites.  In  each  of  the  inoculated  individuals, 
irre^jular  fevers  with  aestivo -autumnal  parasites 
developed.   These  t^vo  cases  have  been  adduced  as 
a  TAin  support  of  the  doctrine  of  mutability  of 
the  varieties  of  the  parasite,  but  it  was  subse- 
quently determined  that  the  patient  from,  whom 
the  blood  was  obtained  had  previously  suffered 
from  irrej^ilar  fever,  aad  he  subsequently  devel- 
oped characteristic  aestivo-autumnal  or£;anism. 

Von  Heinrioh  giving  statistics  of  1029 
cases  treated  during  seven  months,  at  Sarajevo, 
records  150  mixed  infections.   These,  in  most 
cases,  were  not  diagnosed  until  the  latent  benign 
tertian  parasites  appeared  in  the  spring,  which 
is  their  ootimun  period  of  development,  just  as 
autumn  is  tne  optimun  period  for  the  tropical 
parasite.   Tiie  two  parasites  car  be  coexistent, 
eac.1  has  its  orvn  cliaraoters,  no  transitional 
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forms  were  seen. 

Eisner  Jeorg  ar^naes  that  cases  of  Lenign 
tertian  occurring  in  persons  who  have  suffered  the 
previous  suciiLer  from  tropical  malaria  only,   are 
readily  explained  when  it  is  remetibered  that  tiie 
former  infection  freciuently  remains  latent  for  long 
periods.   .::uinine  prophylaxis  is  able  to  keep  "benijn 
tertian  in  subjection  but  often  fails  to   suppress 
infection  with  p.  falciparum.   Hence  in  cases  of 
double  infection,  the  latter  is  first  in  evidence 
while  the  former  only  appears  at  a  later  date.   He 
notes  that  in  Macedonia  infection  with  tropical 
malaria  was  acquired  late  in  the  sumiiier  at  a  time 
when  quinine  prophysuxis  had  becom.e  slack  and  ir- 
regular.  The  author  advances  the  hypothesis  that 
a  tropical  infection  may  actually  prevent  the  de- 
velopment of  a  benign  tertian  infection. 

Seyfarth,  discussing:  the  seasonal  appear- 
ance 0^  the  types  of  malaria  fever,  concludes  that 
the  existence  of  three  v/ell  defined  species  cannot 
be  denied,  but  that  under  certain  conditions,  prin- 
cipally climatic,  the  occurence  of  types  of  tranai- 
tions  is  observed,   ^s  an  argument  against  mixed 
infections  tiie  author  cites  220  cases  of  subtertian 
in  7/hich  evidence  of  mixed  infection  was  carefully 
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sought  in  the  autunn  and  winter  but  not  found. 
However,  in  tiic  following  Spring  these  relapt^ed 
witii  the  proaeiice  of  tertian  parasites.   V/hen 
various  pronocatine  n:easures  v.-ere  applied  to 
crescent  carriers,  tertian  peraBltes  were  pro- 
duced. 

V/ormer  cites  sorie  ^acts  in  favor   of 
the  distinctness  of  t'ae   tertian  and  subtertian 
parasites.   It  was  observed  that  among  the  troops 
of  which  he  was  in  charge  the  period  of  tertian 
infection  lasted  fron  the  end  o?  July  to  mid  - 
October,  arid  that  of  sxibtertian  from  mid- July  to 
the  beginning  of  December,   Zlood  examiinations  in 
all  caries  were  carefully  maae  through  tne   m.alarial 
seasons.   His  co'iclusions  are  as  follows:   Llany 
patients  who  suffered  an  attack  of  tertian  in  the 
spring  had  had  in  the  previous  year  first  tertian 
and  t/-en  subtertian;  many  patients  had  had  clinic- 
ally ar.d  microscopically  only  subtertian.   All   of 
t:-.ese  men  had  been  in  the  malaria  region  dvjring  the 
period  when  tertian  predor.lnated.   In  tiie  instance 
of  the  mer.  v/ho  were  remiOved  into  the  district  be- 
tween October  ar.d  early  December  and  su-^fered  "rom 
subtertia  ,  tertjan  fever  in  the  Spring  wes  never 
observed.   The  author  concludes  that  the  two  t^q^es 
o?  parasites,  p.  vivax  and  p.  falcipari;m.,  are  ^iuite 
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distinct. 

■uc^cj-  ..  ui-uco  uj.ao  in  'rfcjncii  .iuayane 
tiie  proportion  of  infections  by  tae  tertian  para- 
site diminish  with  tiie  age,  while  the   infections 
by  malionant  parasite  increase  in  proportion  ex- 
actly inverses  and  notes  that  infections  by 
vj^uartan  parasite  reir.ain  unchani;ed. 

Simons  opposes  the  unitarian  theory  both 
on  the  theoretical  jround  and  from  a  consideration 
of  the  cultural  studies.   Furtner ,  he  deals  with 
the  iiuestion  of  the  influence  of  temperature  on  the 
malarial  parasite,  a  point  on  which  those  who  hold 
the  unitarian  theory  lay  stress  and  cites  the  work 
of  Lacharoff ,  ^-.'ho  fed  a  leech  on  blood  containing 
p.  falciparum,  kept  it  on  ice  for  four  days,  injected 
the  blood  into  him.self  intravenously  and  su-^-^ered 
from  a  tropical  pernicious  attack,   Simons  does  not 
regard  this  experim.ent  as  conclusive  evidence,  but 
advances  it  as  an  argument  against  tiie  views  that 
variations  in  ten/perature  can  exercise  a  profound 
influence  on  the  form  of  the  Plasmodium,   He  also 
points  out  that  tue   unitarian  tneory,  wiJch  is  con- 
cerned with  a  morphological  ^lUeotion,  depends  c.iefly 
on  epidemiological  a;id  clinical  proofs,  not  on  r.or- 
pholo^jical  findings.   Tne  evideiice  he  obtained  from 
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mixed  infections  is  against  the  unitarian  theory, 
and  he  states  that  in  such  oasee  faulty  staining 
teohnit-iue  may  lead  to  fallacious  conclusions. 

Mayne  notes  tliat  i-^  due  carefully  anal- 
ysis tiie  accounts  in  tlie  literature  ofapproximately 
100  r.ios/aito  inoculations  experiments  an  incontro- 
vertible fact  presents  itself.   In  every  instance 
of  positive  result  the  type  of  parasite  imbilDed  v/ith 
the  blood  of  the  donor  was  alv/ays  reproduced  with 
regxilarity  in  the  volunter  host. 

In  the  positive  inoculation  experiments 
performed  in  the  Public  Health  Service  malaria  lab- 
oratory located  in  Memphis,  Tenn,  the  evidence  pre- 
sented has  been  uniformly  conformatory  o^  tl.e  idea 
of  constanc,/  of  species.   The  author  cites   the 
examiples  of  a  far.ily  in  which  under  the  same  condi- 
tions soiae  of  its  members  shov/  infection  by  p.  fal- 
ciparum and  other  p.  vivax.   After  repeated  miioro- 
scopical  blood  examinations  p.  vivax  v^as  found  in 
two  m-embers  that  harbored  p.  ''alci-.'srum  and  gives 
as  explanation  double  infection.   The  author's 
conclusions  are  that  at  any  rate  unleaa  i::ore  data 
are  contributed  throu^^h  blood  cultural  studies  and 
mosquito  inoculation  experiments,  the   irinciple 
of  transmutation  remain  merely  an  interesting 
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hypothesis  and  that  tiio  plurality  of  apeoies  is 
the  normal  status. 

The  faot  that  not  all  the  anopheles 
moscjuitoes  are  capable  o ''  conveying  all  the  riial- 
arial  parasites  can  only  be  explained  on  basis 
of  the  plurality  of  species.   Dr.  Leman  shows 
that  a  definite  species  of  anopheles  can  be  the 
host  of  a  certain  type  of  malaria  while  other 
types  of  malaria  can  not  develop  within  it  A. 
(iuadriraaoulatus  becomes  infected  with  the  para- 
sites of  tertian  and  quartan  but  not  aestivo  - 
autumnal  fever,  de   found  tiiat  the  distribution 
of  A.  crucians  about  tne  city  of  Hew  Orleans 
corresponds  very  closely  v;it-i  the  distribution 
of  the  oases  of  aestivo  autumnal  fever.   In  For- 
mosa Einoshita  found  that  tiie  epidemic  of  m-alaria 
tropica  depends  upon  the  increase  and  decrease  of 
A.  listoni  he  states  further  that  A.  listoni  does 
not  occur  in  Japan  anu  that  the  country  has  alv/ays 
been  free  from  pernicious  malaria  in  spite  oT  the 
fact  that  :-ersons  suffering  with  pernicious  malaria 
fre^iuently  cane  to  Japan.   The  Immunological  re- 
actions of  malarial  parasites  are  in  favor  of  the 
theory  of  plurality.   J.  H.  ?ord  o^  V ,   S.  Army  en- 
deavored to  secure  an  antitoxic  serum  by.  Inoculatin; 
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ratbits,  monkeys  and  ^joate  v/ith  blood  oontalninj 
the  Plasmodia  of  human  malaria.  His  conclusions 
regarding  his  work  with  p.  vivax  are  aa  follows: 

From  the  cases  recorded  it  would  appear 
that  the  successive  inoculations  of  konkeys  or 
goats  with  l.'looa  oontaininij  p.  vivax  gives  raise 
In  tiiose  animals  to  an  antitoxin  which,  when  In- 
jected In  ade(iuated  dosage  into  human  beings  may 
be  follov/ed  by  disappearance  of  the  parasites  from 
the  circulation  and  disappearance  of  the  symptoms 
of  malaria.   This  agent  has  not  apparent  Influence 
on  infection  caused  by  a  variety  of  the  malarial 
parasite  other  than  that  from  which  it  v/as  devel- 
oped. 

The  resiilts  of  the  cultivation  of  the 
malarial  parasite  are  in  ^avor  of  the  theory  of 
plurality  of  species.   Hone  of  trie  persons  who 
have  been  able  to  cultivate  the  parasite  had  ob- 
served trie  passage  from  one  species  into  a  diff- 
erent one.  Under  unfavorable  conditions  tiie 
parasite  died  wltiiout  taking  t:\e   crescent  form 
which  according  with  some  of  the  partisans  of 
tne  unicity  is  the  form  of  resistence. 

In  the  present  stage  of  our  knowledge 
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of  the  rcorpholojiGal  and  clinical  Teatureu  of  the 
malarial  parasite,  we  must  admit  at  least   three 
different  species  of  parasites.   Plasmodium  mal- 
eriae.  '•.  vivex  a'd  F.  falciparum. 
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ARE  THEK2  TWO  SUBSPECIES  OR  RAGEo  OP  TilE 
ASSTIVO-AUTUMilAL  PAT-LVSITE? 

Several  workers  have  described  new  "orrcs 
of  malarial  parasites  considered  as  new  species  or 
varieties  while  otl.ers  think  they  are  only  atypical 
forms. 

Stephens  1914  descrived  from  a  sinr-le 
slide  sent  from  India  v/hat  he  thought  was  a  new  mal- 
arial parasite  with  scanty  cytoplasm  and  extreme  a- 
moeboid  movement.   Ealfour  and  V/enyon  concluded  that 
the  parasites  7/ere  probably  amoeboid  forms  of  p. 
falciparum,  and  stated  tliat  they  not  infrequently 
occur  Siiortly  before  death. 

Craig  states  that  Plasmodium  tennue  is  an 
atypical  form  of  P.  vivax. 

Sinton  1922  found  four  cases  of  malaria 
due  to  P.  tenue  and  expresses  the  opinion  that  this 
parasite  is  the  same  P.  immaculata.   (L'eyer-  Reeder) 

In  the  earliest  stages  the  parasites  were 
very  small,  round  or  slightly  oval  rin^-s  very  like 
the  small  "signet  ring"  forms  found  in  ?.  falciparum 
In  stage  of  medium  size  oval  and  tailed  forms  and 
banded  forms  similar  to  ?.  malar lae. 
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Segmentinj  forms  of  8  raerczoites  arrariijed  in  a 
very  regialar  toanner.   Sexual  forms  merozoites 
crescentic  in  shape  as  in  P.  falciparum, 

DiB cussing  the   opinion  that  the  tenue 
form  is  comrion  shortly  before  dead  the  autiior  says 
that  the  disease  was  of  a  mild  nature  in  spite  of 
the  heavy  parasitic  infection  and  even  although 
the  patient  did  not  receive  quinine,  there  v;a8  a 
diminution  o "  the  number  of  parasites. 

The  absence  of  presegmenting  and  segment- 
ing forms  and  of  rounded  gametocytes  from  the  Per- 
ipheral blood  and  at  the  same  time  the  crescentic 
garncetocytes  discard  the  theory  of  an  atypical  ?. 
vivax. 

P.  V;.  Cragg  cites  cases  in  which  in  ad- 
dition to  fornis  similar  to  those  aescribed  by 
Stephens,  there  were  present  also  atypical  para- 
sites at  a  late  stage  of  development  anu  concludes 
that  they  are  digenerative  formiS,  wiiich  occur   in 
successive  attachs  of  fever  over  a  long  period. 
According  with  Pasieau  and  Himtinel  the  rings  of 
P.  vivax  often  assume  a  ?.  tenue  form  two  hours 
after  an  intravenous  injection  of  C.60  grm,   of 
quinine. 
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Clialners  and  Archibald  cited  a  case  of 
double  infection  due  to  plaacodiuEi  vivax  in  which 
they  observed  P.  tenue  ana  explain  this  ?.   tenue 
form  as  due  to  asexual  reproduction  by  simple  and 
multiple  fission. 

Craij  divides  the  aeativo  autumnal  para- 
site into  P.  falciparum  and  P.  falciparum  .luotidi- 
anuE  and  bases  the  discussion  on  morphological  and 
clinical  differences  and  concludes  that  the  morpho- 
logical differences  between  plasffiOdium  falciparum 
and  P.  falciparum  quotidianum  are  as  constant  and 
distinctive  as  tliose  between  P.  vivax  and  ^.  malaria. 
The  ^.^uotidian  Plasmodium  causes  a  sim.ple  i.iterm.ittent 
■-iuotiaian  curve,  indistin^juishable  from  that  observed 
in  a  double  infection  with  the  benignant  tertian 
Plasmodium,  vmile  the  tertian  aestivo  autuu-nal  Plas- 
modium causes  a  typical  temperature  curve  which, 
differs  from  that  observed  in  any  other  type  of  malar- 
ial infection.   Crair;  claims  that  the  variation  on 
the  type  of  fevers  in  the  tv.'o  cases  of  Darlinj  v?as 
due  to  the  administration  of  quinine, 

Darlinj  affirms  that  P.  -alciparum  posseses 
innerently  both  tertian  and  quotidian  tendei.cies  and 
analyzing  the  temperatures  curves  in  liuotidian  aestivo 
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autumnal  fever  ^ive  :  by  CraiT  shows  that  are  dis- 
tinctly tertian  in  itb  jeneral  appearance.   Concludes 
that  ^.  falciparum  exlaibit  irre^jular,  continued  , 
tertian  or  quotidian  fever  curves  and   that  the  mor- 
phological difx^erences  has  very  little  value  on 
account  of  the  inherent  difficulties  in  differenti- 
ating some  malarial  plasmoaia  by  microscopic  exam- 
ination. 

How  shov;s  plates  of  the  -luotidian  parasite 
(^averania  praecox)  \7hich  whole  cycle  is  completed 
in  24  hours  and  says  tne  culture  shov;s  a  marked 
tendency  on  the  part  of  the  developing  parasites  to 
agglutinate  in  larger  or  smaller  masses.   The  mature 
sporulating  forms  show  8  spores  or  less,  the  infected 
corpuscles  are  much  larger  than  t;ie  normal  ones. 

Bertarelli  described  cases  of  aestivo  autum- 
nal fever  in  which  t  ;e  parasites  were  reduced  to  the 
size  of  an  anaplasma,  being  hardl"  more  than  a  small 
mass  of  chromatin  substance. 

Until  furtiier  studies  it  is  difficult  to 
decide  if  the  differences  found  in  the  morphology 
ana  character  in  the  malarial  parasite  outside  of 
the  three  well  established  species  are  due  to  diff- 
erent varieties  or  sub-species  or  only  are  atypical 
forms. 
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THE  ETIOLOGY  0?  ilSLAPSSS. 

The  t^uestion  as  to  what  particular  ata^e 
of  the  life  history  of  rralariel  parasites  is  re- 
sponsiljle  for  "brinjin^  atout  relapses  has  jiven  rise 
to  ^eat  differences  of  opinion,  and  the  controversy 
is  far  from  "being  settled.   Until  tne  parasite  can 
be  demonstrated  at  any  staje  o  ■"  the  long  intervals 
betv.'een  relapses,  our  knowledge  of  the  origin  and 
development  of  these  relapses  will  remain  incomplete, 
attempts  to  explain  tuerr  nave  all  "been  based  on 
assx'i.mptions  more  or  less  probable,  chief  amongst  the 
views  advanced  by  varioiis  authority  at   different 
times  are  the  following: 

1,   The  parthenogenetic  view  suggested  by 
Grassi  and  mainly  associated  with  the  nar.e  of 
ichaudin.   lie  pointed  out  that  in  an  ordinary  case 
of  benign  tertia  :  infection  the  asexual  forms  dis- 
appeared very  soon,  and  were  follov/ed  in  a  few  days 
by  the  m^le  gametes  living  the  female  gametes  alone. 
Having  arrived  at  this  point  it  lecomes  difficult 
to  understand  how  the  parasites  could  carry  on  its 
exibtance  unless  something  happened  to  the  female 
gametes  to  give  the  ge  eration  a  new  lease  on  life. 
Schanding  hsa  described  such  an  occvrrenoe  in  the 
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form  of  a  proceLs  of  parthenO'jeneBlB  whereby  there 
was  forced  frori  the  feicale  gar.ete  a  new  set  of 
asexual  forris  capable  of  uiultiplyins  in  the  human 
host  by  a  sinjle  orooesL;  of  alvision. 

The  critical  exairdnation  of  this  eviuerice 
made  by  J.  Thomas  is  concluded  that  3chaudin  in  the 
first  place  misinterpreted  tho  combination  of  echi- 
zonts  and  female  gametocytes  as  indicatinj  schizogony 
of  the  macrOijarietes ,  and  secondly,  tnat  he  induced 
as  early  atajes  in  tlie  development,  pucletr  chan^jes 
which  occur  normally  in  maduration. 

2.  The  schizogony  goes  on  without  inter- 
m.ission  through  the  intervals  between  relapses.   By 
a  process  of  natural  selection  schizogony  is  Vept 
up  but  the  number  that  survive  at  enj    rJven  time 
are  too  small  to  produce  symptoms  or  to  be  found  in 
the  peripheral  blood,  v/hen  the  special  conditions 
are  removed  a  relapse  occurs  as  pointed  out  by 
^.igami  it  is  not  necessary  to  suppose  that  such 
forms  as  survive  differ  m.orphologically  from  others 
which  perish.   The  resistenco  of  t.ie  host  expressed 
in  terms  of  antibodies,  supplies  a  parallel  expla- 
nation in  the  other  oases. 

3.  7he    parasite  survive  by  finding  its 
way  out  of  the  bloou  stream.  Merozoites,   it   is 
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thou-jiit  may  penetrate  into  endothelial  cells  and 
adaptinj  themselves  to  altered  nutritive  conditions, 
enter  upon  a  restin:5  sta^a.   These  endothelial  cells 
are  thrown  into  the  blood  stream  Trom  time  to  time. 
The  blood  would  thus  ren;ain  infective  by  direct  in- 
oculation and  the  parasitos  set  free  by  the  breaking 
up  of  these  cells  at  a  time  v;hen  the  conditions  had 
again  become  favorable  to  multiplication  v.'ould  mul- 
tiply and  produce  a  relapse. 

4.  The  formation  of  specialized  asexual 
resistant  forms.   These  forr:S  if  antracorpuscular 
to  begin  v/ith  would  be  capable  of  living  free  in 
the  plasma  after  the  dissolution  of  the  red  cell. 
Some  workers  have  described  in  old  chronically 
relapsing  cases  forms  which  correspond  neither  to 
a  schizont  nor  to  a  gametocit. 

5.  The  amount  of  glucose  in  the  blood 
has  been  suggested  as  the  cause  of  relapses.   This 
hypothesis  is  based  on  the  fact  that  m.alarial  para- 
site does  not  grov;  v.'ithout  the  presence  of  0.5  per 
cent  of  glucose.   Yoshida  reported  taat  in  the 
aoyretic  period  the  am:Ount  o "  sugar  in  the  "blood 
was  found  to  be  within  normal  limits  -  0.09a  in 
tertian,  0.08,!.  in  iuartan,  and  0.93,j  in  malignant 
ague,  on  the  average. 
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V. ith  tiie   period  of   fever  the  amount   of  sugar   ' 
reaches   tiie  maximum  0,112   to   0.158'/3, 

As  an  objection  to   this   theor;:    it   has 
been    pointed  out   that   a-^ter   muscular    effort 
(child)    and   fatigue,    the   proportion  of  su^ar    in 
tiie   blood  nay  be    increased   (Dudi]:eon). 
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Cli^TIVAXlOiJ  OF  iiAo^iiHlAl.  PAIUtJITES 

To  Bass  "belon^^s  the  credit  of  having 
been  ti.e  firat  to  deinonstrate  malarial  parasites 
in  culture.   The  experiment  has  since  been  re- 
peated by  several  workers,  asexual  multiplication 
of  the  parasites  in  the  culture  tube  has  been 
observed  in  the  case  of  all  typos  and  many  siicces- 
sive  generations  of  the  malignant  tertian  parasite. 

The  course  of  the  asexual  development  on 
artificial  cultivation  is  found  to  be  practically 
identical  with  that  occurring  naturally  in  the 
human  host.   Tlie  Plasmodium  grov;  in  a  tjiin  layer 
near  tlie  top  of  the  cell  sediment,  beneath  which 
zone  tne  parasites  die.   The  parasite  has  been 
cultivated  only  in  the  rea  cells  of  human  blood 
ana  are  destroyed  by  the  lenkocytes  as  soon  as 
they  are  liberated  from  the  erythrocytes,  and  also 
by  the  serum.   In  the  majority  of  cases  it  v;as 
found  that  dextrose  must  be  added  to  the  medium  in 
oraer  to  secure  growth  of  the  parasites.  Pass  and 
Johns  to  avoid  tiie  destruction  activities  of  the 
leucocites  centrifugated  the  defibrinated  bXood 
until  three  layers  are  formed,  clear  serum  above, 
leukocytes  below  and  red  corpuscles  at  the  bottom. 


The  clear  serur.  pipetted  of'  and  filled  Into  snail 
culture  tubes  to  make  a  colucin  not  deeper  tiian  1^ 
inches.   Red  blood  corpuscles  and  Plasmodia  are 
then  drawn  up  from  the  deeper  part  of  tiie  corpus- 
cular layer.   The  most  favorable  temperature  found 

0 

for  tiie  cultivation  of  tiiese  protozoa  is  about  40 
C.   Two  or  three  jenerations  of  parasites  jrow  in 
such  cultures,  then  the  plasmodia  begin  to  die  out 
so  that  if  tne  culture  is  to  be  perpetuated,   they 
must  be  transplanted  to  freshly  prepared  blood 
corpuscle  tubes  of  the  same  kind. 

Thomsom  v/as  able  to  observe  the  grov/th 
of  the  parasite  and  affirms  that  is  unnecessary  to 
destroy  tlie  complement  or  to  remove  the  leucocytes, 
jjrowth  moreover  takes  place  trirou^h  the  whole  thic?.- 
ness  of  tiie  corpuscles  and  not  only  on  the  superficial 
layer.   The  time  ro'-iulred  to  complete  development 
varies  ■:'rom  twenty-five  to  fifty  hours. 

Row  devised  a  method  of  cultivation  less 
elaborate  and  tiiat  requires  less  amount  of  blood. 

The  apparatus  used  by  the  author  consists 
of  an  ordinary  potato  culture  tube,  a  si; all  culture 
tube  with  a  flat  bottom  in  order  to  have  a  thin 
layer  of  red  cells.   For  the  secussion  of  the  anaero- 
bic conditions  necessary  for  the  jjrowth  of  the  organ- 
isms, pyrogallio  aoid  is  used.   The  author   succeeds 
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in  oultivatinj  the  (iuartan,  benijjn  tertian,  rr.alit:- 
nant  tertian  or  falciparum,  and  the  quotidian  para- 
site (Laverania  praecox)  which  has  the  whole  cycle 
of  24  hours. 

Chambelland  used  a  moaificatlon  of  Bass's 
procedure  which  is  as  follows: 

Instruments  required: 

1.  A  10  CO  syringe  and  needle 

2.  Test  tubes  with  apparatus  for  defibrination  of 
the  blood 

3.  Test  tubes  for  inoculation 

4.  Capillary  pipetes. 

Media  -  a  50  percent  solution  of  dextrase  doubly 
sterilized,  a  7  percent  physiological  solution  of 
sodium  chloride  to  each  litre  of  which  has  been 
added  0.75  centi^jrames  of  sodium  citrate. 

Freshly  drawn  blooa  is  oentrifUtcated,  the 
serum  and  white  blood  corpuscles  are  removed  by  the 
pipette  and  tiie  red  blood  cells  alone  retained. 
Warm  physiological  saline  is  added  then  dextrase 
medium  in  the  proportion  of  15  cc  for  each  5  cc  of 
the  original  blood. 

Results  -  P.  malariae  and  vivax  were 
found  too  delicate  to  accommodate  themselves  to  ad- 
verse culture  conditions  but  falciparum  can  survive 
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and  go  through  the  cycle  of  development. 

Linton  uses  a  tube  of  special  shape  de- 
vised by  him  that  has  the  following  advantages:  a 
large  surface  of  red  blood  oorpubcles  v/ith  a  mini- 
mal amount  of  blood;  a  maximum  depth  of  aerum  v/ith 
a  minimal  ^luantity,   In  an  anaemic  malarial  patient 
often  is  very  difficult  to  get  from  the  finger  the 
amount  of  blood  which  after  defibrination  would  be 
sufficient  to  produce  a  column  of  serum  at  least 
12  m.m,  high  on  the  top  from  the  layer  of  red  blood 
cells.   This  difficulty  can  be  obviated  by  using 
ascitic  or  hydrocele  fluid. 

The  ascitic  fluid  is  drawn  off  v/ith  strict 
aseptic  precautions  into  sterile  flasks.   To  each 
100  cc  of  the  ascitic  fluid  is  added  l/5  oc  of  a 
sterile  50, j  solution  of  dextrase.   The  flasks  are 
then  heated  for  half  an  hour  at  56°  C.  to  kill  as 
much  complement  as  possible  without  interfering  viith 
the  composition  of  the  fluid. 

Optimun  temperature  -  37°  G. 
Results  -  malignant  tertian,  tlie  growth  seemed  to 
go  on  to  tne  third  generation  -  P.  vivax  degenerated 
before  sporulation. 
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PROVOCATIVE  LSTHODS  0?  DIAGNOSIS 

The  object  of  provocatives  is  to  bring 
a  relapse  or  at  least  to  make  appear  the  parasites 
in  the  peripheral  blood  viiere  they  can  be  detected 
by  microscopic  examination  and  ascertain  v/hether 
malarial  patients  are  permanently  cured.   Tne  sub- 
entaneous  or  intramuscular  injection  of  normal 
serum,  milk,  iron,  salvarsan,  ergotin,  as  well  as 
various  plans  such  as  the  application  of  X  rays, 
cold  douches,  ice,  etc.,  to  the  abdomen  over  the 
explenic  area  are  among  the  so  called  provocatives 
which  aave  been  tried  with  that  object. 

Kin-:  -"i*  in  52  cases  treated  by  strichnine 
reaches  the  foilowinj  conclusions: 

1.  ..trichnine  in  large  doses  (20  -  30  mgrms)  will 
in  50, J  of  cases  definitely  contract  a  lar^^e  spleen 
but  will  have  no  appreciable  action  on  sm.all  ones. 

2.  In  most  cases  it  will  not  increase  the  number 

of  parasites  in  the  peripheral  circulation;  possibly 
this  action  might  occur  in  some  of  tae  cases   in 
which  marked  contraction  of  a  large  spleen  takes 
place.   As  a  routine  aid  to  diagnosis,  strichnine 
has  no  place. 

Reports  indicate  that  the  injection  of 
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adrenalin  gives  the  highest  percentage  of  positive 
results. 

According  to  Dazzi  the  administration  of 
adrenalin  (1  railligrame)  does  not  bring  a  typical 
malarial  attack  but  is  uniformly  followed  by  the 
discovery  of  plasmodia  in  the  blood  stream.   The 
presence  of  parasites  in  the  blood  is  transitory, 
coiiiKencing  about  20  minutes  after  injection,  it 
reaches  its  height  in  an  hour  and  after  24  hours 
parasites  are  no  lon^-er  to  be  found. 

The  effect  of  chronically  enlarged  spleens 
which  contain  much  fibrous  tissue  is  less  marked. 
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QUININE  prophyla:^I3 

By  this  measure  is  mejtnt  the  regular  tak- 
ing and  absorbing  of  (quinine  in  such  a  irianner  as 
will  anticipate  the  first  dose  of  sporozoitee  in- 
jeoted  by  a  mosquito.   It  is,  tnerefore,  designed 
to  prevent  primary  attacks  of  malaria.   «<,uinine 
has  been  used  to  prevent  malarial  fevers  for  quite 
a  while  and  in  late  years  has  been  extensively  ad- 
ministrated for  this  purpose.   The  Italian  govern- 
ment has  used  quinine  systematically  since  1902. 

The  results  according  v/ith  the  statistics 
of  Celli  can  not  be  more  encouraging.   The  average 
number  of  deaths  per  year  for  t.ie  10  years  preceding 
190E  in  all  Italy  was  14,048;  the  number  of  deaths 
from  riialaria  in  the  period  1911  -  1917  was  5,853,  - 
almost  one  fourtii  of  the  former  number.   The  cases 
of  fever  from  one  section  has  bern  reauced  from 
11,653  per  year  to  2,974  as  no  other  means  have 
been  taken  to  prevent  malaria  au.ong  these  people, 
this  reduction  must  be  ascribed  to  ^luinine  taken 
as  a  preventive. 

Stenhensort  -  Jew  Guinea  -  claims  tnat 
he  was  able  to  entirely  rid  the  place  of  malaria 
by  tae  use  of  quir.ine  alone. 
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Crait;  at  Camp  Jtotseraburi;  In  Philippine 
Islands,  v;here  nearly  36  per  cent  of  a  regiment  of 
cavalry  entered  the  hospital  v;ith  malaria  during 
the  malarial  season,  used  one  gran  every  seventh 
day  and  resulted  in  a  diminution  of  over  two  thirds 
in  the  mjalarial  infection.   He  points  out  that  "at 
this  post  every  otner  prophylactic  met/iod  v;as  used 
previous  to  the  use  of  the  quinine". 

On  the  other  hand,  many  investigators 
have  found  that  ^tuinine  has  very  little  if  any 
value  as  prophylactic  in  malaria  and  some  of  them 
helieve  iiuinine  in  large  doese  for  long  period  cause 
cessation  of  every  energy  proauction  aiid  eventually 
death,  and  douht  that  quinine  in  harmless  doses  can 
act  as  a  reliable  prophylactic  (J.  Y.'.  Corwall) 

Paoltti  says  that  in  Alvania  1917  -  1916 
with  tiie  rarest  exceptions  the  men  treated  contracted 
malaria  amonj  tne  prisoners  in  the  districts  of  Porto 
and  Maocarese  it  was  found  tnat  a  dose  of  0.60  grms. 
of  quinine  was  insufficient  to  prevent  fever  and  often 
a  dose  of  1.40  grms.  v/as  not  enough  to  arrest  it. 
This  fact  is  attributed  to  the  frequency  of  new  in- 
fections due  to  the  great  number  of  infected  mosquitoes 
in  their  room.s. 

several  theories  nave  been  expressed  trying 
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to  explain  tlie  difference  on  results  v/lth  quinine 
as  malaria  prophylnctic  - 

1.  The  quality  of  siuinine  tliat  in  many  instances 
has  been  adulterated  or  contains  less  active  alka- 
loids than  supposed. 

2.  Ine   forr.i  in  v;hich  is  adininlsterea,  pills  or 
tabloids,  that  are  likely  to  pass  tiirough  the  in- 
testine unchantjed. 

5.   The  people  really  do  not  take  tne  quinine.   In 
India  the  Snjlish  physicians  found  that  tiie  soldiers 
used  to  spit  out  tne  drug.   How  they  give  quinine 
in  soli-tion  and  the  soldier  must  recite  his  regir.ent'f 
number  after  taking  quinine  so  as  to  be  sure  it  has 
been  sv/allov/ed.   By  this  method  the  number  of  cases 
has  reduced  considerably. 

4.   The  effect ivity  of  quinine  varies  v/ith  the  differ' 
ent  species  of  malaria  parasite.   ''Malarial   fevers 
are  usually  regarded  as  a  single  entity,  and  not  as 
three  distinct  fevers  due  to  three  different  species 
of  parasites  all  of  which  are  not  equally  affected 
by  quinine".   (Acton  il,   V..)   r.ecent  experiments  show 
that  quinine  is  specific  for  malignant  tertian  para- 
site as  the  cure  rate  is  90, i  or  over,  whilst   for 
benign  tertian  tiie  cure  rate  with  each  course  of 
treatment  is  only  about  25  j. 
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The  suthors  di  'fer  on  the  dose  of  quinine 
to  be  ijiven  as  a  preventive  of  malaria.   There  are 
two  principal  nethods  of  administration,  -  the  one 
canonized  by  Zoch,  lar^e  doses  at  considerable  in- 
tervals; the  other,  smaller  daily  doses,  as  used  in 
Italy.   In  the  r^irst  method,  1  ^rn.  (15  ^^ralns)  are 
given  daily  every  ninth  and  tenth  day.   A  Plehn 
uses  1  STxn.    once  a  week.  Zleman  advocates  one  grn. 
given  up  every  fourth  day  and  if  c^uinine  be  dis- 
agreeable in  its  effects  that  enquinine  in  doses 
of  1  ^rm.  be  substituted.   He  does  not  believe  that 
in  regions  where  pernicious  forms  of  malaria  occur 
Koch's  methoa  is  sufficient. 

Celli  believes  in  the  dally  administration 
of  ^iuinine  in  average  doses  of  0,4  grms,   for   the 
children  0.3  grms  of  tanate  compounded  with  sweet 
chocolate. 

It  has  been  sug^rested  that  tne  amount  of 
quinine  that  prevents  against  malaria  varies  In  each 
locality,  according  not  only  with  the  type  of  para- 
site but  also  is  in  relation  wJth  the  Infection,  - 
the  heavier  tixe  infection,  the  larger  the  quantity 
of  quinine  required,  -  and  In  consequence  that  a 
quinine  index  must  be  workea  oxit  to  know  t}ie  amount 
of  quinine  required  in  each  locality. 
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Today  v/e  have  to  recojnize  that  the  use 
of  sl'winine  as  a  prophylactic  lowers  the  malarial 
sick  rate  and  that  if  some  times  fails  materielly 
to  diminish  tiie  incidence  of  malaria  in  very  badly 
affected  countries,  it  lessens  the  severity  of  the 
disease  &n^   in  consesLuence,  mortality. 

Its  use  is  specially  adapted  in  farming 
community  where  it  is  not  practicable  economically 
to  ^et  rid  of  malarial  mos4UitoeB. 
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